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FORWARD

The results of this investigation have establisned a
base for exploring the possible role ¢f abnormal nmuscle
function of the pectineus muscle in the atiology of canine
hip dysplasia. This report represents only preliminary
results which bear on this question since the length of
support which ended in Septembexr 1971 was not of sufficient
duration to fully evaluate the problem, i.e. the evaluation
and correlation of hip dysplasia in adult dogs relative to
the status of the vectineas muscle in the neonate. This is
a common problem for investigations of canine hip dysplasia

due to the late onset of the radiographic disease in many

dcgs.

This research program is continuing with support frcm
the Morris Animal Foundation and Seeing Eye, Inc. through
September 1972. This additional period of support will

enable this program to further evecluate the relation of the
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myopathy to the incidence of hip dysplasies in older dogs. As
this information becomes available and the results are published,

the AFOSR will be notified and acknowledged for its support.
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Geb. H. Cafdinet, III, D.V.M., Ph.D.
Principal Investigator
1 March 1972
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STATENENT OF THE PROBLEM

Hip dysplasia is the number one veterinary medical problem

b ]

of military werking dogs.t

’

Hip dysplasia is a hereditary

2

isease common to many breeds of dogs of large body size. A
rnotable example is the German Shepherd Breed in which the

35 e

incidence of the disease may be 50 percent or greater.
discase is diagnosed by radiographic examination. The disease
cannot be diagnosed at birth and in most cases radiographic
diagnosis is not possible until 3 - 4 months of age in severe
cages. Studies indicate that at 1 year of age only 69 percent
of those dogs which will eventually become dysplastic can be
detected by radiographic examination.6 The accuracy of detection
by radiographic examination increases to 95 and 28 percent at
2 and 3 years of age respectively. ‘therefore, the accuracy
of detecting dysplastic-free dogs before 1 year of age is
very limited.
The high incidence of the disease and wide range of
ages when radiographic examination permits diagnosis presents
a serious problem. Today, the armed services cannot £fill
induction quotas with dysplastic-free doqs,l’z
As with any disease problem, conrtrol and eradication are
the most effective means to a solution. The introduction of
therapeutic measures for control and eradication can only

be done after the etiolegy and pathogenesis of a disease are

established. Without a fundamental knowledge of the etiolegy
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and pathogenesis, control measures can be expected to be
only partially effective. The etiology and pathogenesis of
canine hip dysplasia are not known and current control

measures are only partially effective. Until the etiology

and pathogenesis of canine hip dysplasia are determined, the

military working dog program can anticipate hip dysplasia to

continue to b2 its number one veterinary medical problem.

THE RESEARCH PROGRAW

A. Introduction

While many aspects of hip dysplasia have been studied

and described, the etiology and pathogenesis of the disease
have remained undefined. The only common denominator which
has come out of these studies appears to be that joint laxity
precedes and results in the wide variety of acetabular and
femoral changes that are cbserved.5 Thus, studies of

-

factors which contribute to joint laxity offer promise of
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determining the etiology of the disease. In 1968, a palpation
technique was developed to judge joint laxity in puppiese7

In the development of this technique it was noted that
abduction was restricted in potential hip dysplastic puppies

and it appeared that the pectineus muscle was responsible

i G S R B L T TV e i T

for the restricted abduction. Thus, there was a suggestion
of a muscle abnormality possibly being associated with hip

dysplasia. Skeletal muscle changes in canine hip dysplasia
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have not received thorough investigation; howeverx, gross

observations suggest an unsatisfactory ratio of pelvic size

to pelvic muscle mass.8

B, Cbjectives

Generally, the objectives ¢f the research weve to

investigate the nature of the pectineal myopathy and inquire

into its possible role as an sticlogical factor in the

pathogenesis of canine hip dysplasia.

More precisely the objectives were:

1.

3.

To define the pectineal myopathy as to its incidence
and extent in German Shepherd dogs, and

To Getermine the etiology of the pectineal myopathy,
and,

To determine the chronclogical rslationships of the
lesion as to onset and sequelae, and

To determine tue heritability and made cof inheritance
of the developmental myopathy, and

?o0 determine if diagnoustic procedures may be develcoped
to detect the myopathy, less than performing pectineal
bicpsies or myectomies, and

To correlate the incidence of the pectineal myopathy
with laxity of the coxofemoral joint by palpation, and
To correlate iaxity of the coxofe—oral joint in
puppies with the subsegquent development of the coxo-

femoral jeoint, and

[
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2., To determine the incidence or relationship of the
developmental myopathy with subsequent developnicnt

of the hip joint.

C. lesults

1. The L2velcocpmental Myopathy

The resnults of this ipvestigation clearly established

+.at & developmenta! myopathy of the pectinsus muscle was
.esent in y:uny degs. The myopathy was characterized by

hypotrephy (lack of growth) of Type I{ muscie fibers, which
is bvest demonstra:zd by the histochemical idencification of
muscle £ibars using the myofibrillar ATPase reaction. The
earliezt age zxt which the lLasion has been cbserved is 27 days
of ege. Tt has not been possible using the techniques
emzloyed to identify sbnormzl muscles before this aje. The
lesion appears to be transient since it has .ot been cbserved
in dogs over 103 days of age?'lagll

To date, 283 dogs have been examined between 27 and 102
days of age. The lesion has been observed in German Shepherds,
German Si.epher“-Greyhound crosses, and mongrels but not in
Sreyhounds {fable 1}. It is of congiderable interest that the
lesion has not been found in Greyhounds since this breed is
relatively free of hip dysplasia. While this observation doces
not prove that there is a relationship between the incidence
of hip dysplasia and the muscle lesion, it is anr obsexrvation

that would be consistent with such a relatioaship. The extant




TABLE 1. Incidence of developmental mycpathy (Type II Yiber

hypotrophy! in the pectineus muscles of dogs, 27 to 103 days

of age.
Numberx Number

Nurber of of Percent
Breed Examinred Normal Abnormal Affected
German Shepherd 185 19 166 90.0
Greyhound 22 22 0 0.0
Grevhound~Shepherd 26 13 i3 50.0
Mongrel 50 33 17 34.0

TABLE 2. Percent frequencies of myopathy sceres in fexman

Shepherd dogs, 27 to 103 days of ags.

Myopathy Sccre

Ncrmal Minimal 0-25% 25-50% 50-75% 75-100%

Percent 10 15 32 17 11 14

-
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of the myopathy varies between muscles. Therefore, a subjective

scoring system has been devised to classify the lesion. A lesion
was scured H-25%, 25-50%, 50-75% or 75-100% based on the subjective
assessment of the percent total cross-sectional area of the muscle
that was involved. Another classification was "minimal" in which
the status of the muscle was in doubt; in this instance a few small
type 1I fibers were observed but overt signs of type II fiber
hypotrcphy were not present. This classification may include
nocrmal muscle and represent the normal variation which can be
anticipated. The frequency distributions of these myopathy scores
are presented in Table Z for German Shepherd degs,27-103 days
of age.

Our studies have established that the myopathy results
in sltered physiological properties of the pectineus muscl%?’a
prerequisite for any thesis that abnormal function of this muscle
may influence the development of the coxofemoral joint (refer to
Appendix I). The histochemical and isometric contractile
properties of ncrmal and hypotrophic pectineus muscies were
studied in 21 German Shepherd dogs at 56 to 60 days of age. The
hypotrophic muscles had longer contraction and half~relaxation
times and developed smaller maximum isometric twitch and tetanic
tensicns. Correlates between the contractile, histochemical
and morphological preperties of the muscles were observed. The
inverse cf contraction times (a presumed estimate of speed of
contraction) were directly proportional to the relative type II
fiber compesition of the muscies. The maximum isometric twitch

and tetanic tensions developed by the muscles were directly
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proportional to the mean cross~sectional area of the fibers

comprising the muscles. Thus, the differences in contractile

properties between normal and hypotrophic muscles were directly
attributable to the effect of the diseasa on tiber size.

In summary, cur studies have estaklished a pathological
and functional basis for investigaticns into the possible
relationship between abnormal muscle function and the development

of hip dysplasia, and constitutes the working hypothesis of this

research program (Figure 1).

2. Etiolcgy of Pectineal Myopathy

We have been unable to definately establish the etiology

of the pectineal wmyopathy. The preferential effect of the

disease on type II fibers coupled with the knowledge that motor

vnits are homogenouslB'14 with respect to fiber types, suggests

that the disease is neural in origin. However, pathclogical

studies of peripheral nerves and lumbar spinal cords have not

revealed overt signs of neural pathology.

The canine pectineus nuscle is described as being innervated
[~

by the obturater nerve}“ In order to precisley evaluate the

lumbarx spinal cord neurons, a study was conducted to localize

the cbturator and pectineal motoneuron columns.’® The obturator

motoneuron column was located in segments L4 through L€ while
the pectineal column was located in segments L4 and L5 only.

With this knowledge, lumbar spinal cords were examined in seqnments

L4 through L6 and overt pathological changes were not observed.

A study of neuronal phosphorylase activity revealed variations

in phosphorylase uactivity of alpha motoneurons in the dog. HNo
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Figure 1. Hypothesis of mascle dysfunction as an etiological
factor ir the pathcgenesis of canine hip dvsplasia. Normal
wuscle (upper left) exerts tensicns compatible with the wormal
development of the coxofemoral join:. Hypotrophic muscle (lower
left) exerts tensions incompatible with the normal development
0f the coxofemoral jeint. Vectors of tensiowns developed by the
pectineus muscle are indicated (~--). Sections svained for
mycfibriller ATPase in which Type I ribers are light staining
and Type 11 fibers are dark stainiug. The hypotrophic muscles
are characterized Ly Lypetrophy of Type I1 fibers and hypertrophy
of some Type 1 fikevs.
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such variation has been observed in the cat.17 However, the

variation in alpha motoneuron phosphorylase activity was not
restrictea to the obturator nr poctineal motoneuron columris.
Therefore, the significance of this obssrvation is obscure.

Recently we have observed that the pectineus muscle
receives a variable motor innervation from the femoral nerve,
in addition to the obturator nerve. To date, 10 of 32 German
Shepherd dogs have bezen observed to have dual innervation of
the pectineus muscle. The significance of this observation
is unknown but is currently being analysed along with data on
the myopathy.

3. cChronology of Lesion, Oncet and Sequelae

While the incidence of the developmental myopathy is
approrximately 90% in German Shepherd dogs,27-103 days of age,
pathology of the pectineus muscle is infrequently seen in German
Shepherd dogs over 100 days of age. Therefore the factor or
factors responsible for the condition appear tc be corrected
between 8 weeks of age and sometime around 14-16 weeks of age.

A study has been initiated to detecrmine the chronological changes
during this period of growth and differentiation of the pectineus
muscle. A few cases have revealed pathology of the pectineus muscle
at 112 and 168 days of age. The lesion observed has been
characterized by type I f£iber grouping which is suggestive of
coliateral reinnervation of the muscle. This finding would be
consiztent with the presupposed origin of the myvopathy being

neural in nature. However, in most instances pathology of the

muscle is not observed after 16 weeks of age. Therefore, any
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r~lationship betwe2n the mycpathy and the development of hip

dysplasia may be influenced by segquelae of the lesion after
8 weeks of age. This study is still in progress and the results
are therefore incomplete.

4. Heritability of Myopathy
Some insight into the heritability of the myopathy is

E possible. In an analysis of 138 pups {32 litters), 68 females

and 70 males, the severity of the myopathy was greater in males

PRIy
Lt

rdenk

than females {Table 3). ©n a 6 point scale of severity (normal =

Y

Fh

i; minimal = 2: 0-25% =3; 25-50% = 4; 50-75% = 5; and 75-100% = §),
male pups averaged 3.73 whereas females averaged 2.99.

Sixteen of the 32 litters were from parerts of kxnown pheno-
types with respect to the myopathy. These are summarized in

Table 4, The realized heritability in these data is about 0.12.

m
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The severity of the myopathy was greater in progeny of two abnormal

it
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parents than in progeny of normal parents.
bunalysis of variance of myopathy scores for 74 pups from

random parents vielded the following estimates of variance

o
LI o0 Rt |

components (Takle 5). Heritability estimatzd from half-sih

Aoy
b s

correlation is 0.24. Commonality of enviornment or dominance
deviations increased the similarity among maternal sibs. Thus,
this analysis suggests a moderate effect of heredity in causji.g

differences in myopathy scores.

L o O it (e .',uh‘nﬁ,«vlj ;“ 3,

g In summary, the data at hand are adequatc to establish that
males are affected more severely than females. The data also
show tnat though the myopathy is nct transmitted as a simple

dominant or recessive wrait, i< is mcderately influenced ny
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Sex
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Male

Female
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Normal
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Sex differences in severitvy of myopathy in German

Shepherd pups at 8 weeks of age 732 litters)

Frequency percentages of myorathv grades

Minimal 0-25%

Progenies from parernts of kncown phenotype with respect

to the myopathy grade (Sixteen Litters)

Progeny Normal Minimal 0-25% 25~50% 50-75% 75-1Q0%

Abniormal ©

(%}
[

Abnormal 0O

{8 Litters) TOTALSecceases

Ahnormal 0

TDTALS..'Q.'O

{3 Litters)

LR

Normal
X

ki

i

Normal
X
Normal

aAbnormal ¢

(1 Litter) TOTALSceeacee

(4 Litters) TOTALS . e vvean
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TABLE 5. Myopathy variance ccmponents and their genetic

interpretation
Component Source Value Genetic Interpretation
Cf 2 Regidual-primarily 1.59 & Vé + 3/4 VD + vew
among pups within
litters
2 s ae Ces
Ci . Among litters within 0.52 R V_+ % V_+V
L:S sire groups a D ec
dfz Am .
s Among sire progeny 0.15 X% v,
groups
L'f :1 Among sexes $.23




hereditary differences. Heritability of the trait is estimated
provisionally at between about 11 to 25 per cent. Strong
maternal effects of some sort also were present. Huirover, the
standard errors of these estimates are quite large and thus many

more data are needed befcre relaiable estimates can be obtained.

5. Diagnostic Procedures for Detection of Mycoathy

We have studied the possibility of detecting pups with
the pectineal myopathy by means other than biopsy or myectomy
and the uase of histcchemical evaluation.

Serum enzyme activities such as creatine phosphokinase and
glutamic~oxaloacetic transaminrase are freguently elevated in
diseases of muscle.18 We have nct observed significant
differences in creatine phosphckinase or glutamic-oxaloacetic
transaminase activities between normal and hypotrophic muscled
pups.

Electromyography is Irequently a useful adjunct to the
diagnosis of neuromuscular diseases, Preliminary studies of
electromyographic characterxistics in sormal and hypotrophic
muscles have not revealed diffevences. Fibrilliation potentials
which are characteristic of denervation have not been observed
and motor unit recruitment following stretching zppears to be

similar in normal and hypotrophic muscles. Therefore, diagnostic

procedures for the detection of the myopathy short of histochemical

analyses have not been developed.




6. Iacidence of Myopathy and Joint Laxity

Laxity of the coxofemoral joints has been estimated in 84
German Shepherd puppies in which the pups were palpated by 3
of the investigators. The palpation scores listed represent
the summed estimates of millimeter disnlacement of the femoral
head from the acetabulum for right and left joints by all three
investigaturs. The results of these estimates are presented in
Takle 6. Comparisons of laxity determined for right and left
coxofemoral joints indicate no significant difference between
sides {(Table 7). A comparison of laxity cbsarved and the myopathy
grade indicate no significant difference is observad. Therefore,
joint laxity does not appear to be related to severity of the
myopathy (Table 8).

7. Relationship of Joint Laxity with Hip Dysplasia

The age of the dcgs studied to date limits the analysis of
joint laxity with respect to hip dysplasia. However, it is
possible to test for differences in the determination of jocint
laxity at 8 weeks of age and the development of hip dyspiasia
at 6 months of age. Based on radiographic diagnoses at 6 months
of age, significant differences were noted between radiographic
normal, suspect and dysplastic dogs and their palpation scores
(Table 9). Though small, dogs with normal hips at 6 months of
age had smaller estimates of joint laxity than suspect or dysplastic
dogs.

8. Relationship between Myopathy and Incidence of Hip Dysplasia

Jur analysis of lesion incidence and the development of hip
dysplasia is limited to radiographic¢ diagnosis at 6 months. As the

colony ages, the observations can be extended to raaiographic




TABLE 6. Palpation scores of 84 German Shepherd dogs.

*
Palpation Score (mm. displacement)

Mean 11.8

Range 4.0 - 20.5

S.D. 3.60

S.D. 3.62
p

S.E.m 0.39

* Summation of displacement estimated by three investigators for both
right and left coxofemoral jeints.

TABLE 7. Comparisons of palpation scores of right and left hips

in 84 German Shepherd dogs.

*
Palpation Score (mm. displacement)

Right Hip Left Hip
Mean 5.7 6.2
P Range 1.0 - 10.0 2.0 - 10.5
S.D. 1.88 1.94
£ S.D. 1.90 1.96
j S.E.m 0.21 0.2&
% Comparison t-value P
Right : Left 1.6226 > 0.95%

A T g Qo "
Rk LRI T & i ¢

£ summation of displacement estimated by three invastigators for
one coxofemoral joint.
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MYOPATHY GRADE

Normal Minimal (-25% 25-50%

n=9

TABLE 8. Comparisons of palpation scores and myopathy grades

50-75% 75-100%

o n=13 n=31 n=11 =7 n=13
1 N
3 0
Y Mean 13.2 9.6 11.8 13.4 0.3 12,5
g s.D. 2.30 3.10 3.12 4.54 3.43 3.36
7 S.D.p 3.08 3.22 3.17 4.77 3.71 3.49
2 s.E. 1.03 0.89  0.57 1.44 1.40 0.97
4 o
4 Y Comparisons t-value P
Normal : M i:mal 2.5793 < 0.02
Normal : 0-2% 1.1166 > 0.05
Normal : 25-50% 0.1371 > 0.05
Normal : 50-75% 1.6283 > 0.05
3 Normal : 75-100% G.4719 > 0.05
£ TABLE 9. Comparisons of palpation scores and 6 month radiographic
% diagnosis 6 Month
: Radiographic Diagnosis
3 Normal Suspect Dysplastic
% oy n=27 n=18 n=1l4
3 Y]
8 Mean 10.1 12.2 13.5
e S.D. 2.97 2.90 3.24
4 s.D. 3.03 2.99 3.36
2 8 S.E. 0.58 0.70 0.90
= —
E 0
E f Comparisons t-value P
Z Normal : Dysplastic 3.1296 < 3.01
Normal : Suspect 2.3110 < 9.05
3 Suspect : Dysplastic  1.0875 > 0.05
-18-
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diagnoses it older ages. To date our results do not provide

information on these parametzsrs.

D. Related Research Efforts

1. Surgical Rehabilitation of the Dysplastic Dog

While not stated as an objective in our original research
proposals, a rew surgical procedure has been developed which has
proven to be very effective in rehabilitating clinically dysplastic

19,20,21 .
dogs. Also, refer to Appendix II. The new procedurec
developed consists of performing tenotomy or tcnectomy of %he

pectineus muscle in dysplastic dogs. This operation has resulted

in drematic improvement of the functional use of the legs without
evidence of pain in approximately 90 per cent of the cases. This
surgiczl procedure cffers immediate application of research

findings to the welfare of the Military Werking Dog.
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INTRODUCTZION

Histochemical studies of skeletal muscle fibers have
revealed striking enzymic differences among muscle fibers which

have resulted in numerous classifications of fiber types.

s
17,21,22,35,-4 Physiological studies have demcnstrated slow,

fast, and intermediate contracting motor units,14’15'26’36

each of which appears to be composed of a unifcsm fiber type.
These chservations imply that a muscle containing more than a

single fiber type is composed of fibers whicl are biochemically

and functionally heterogeneous.

Histocherical classifications of fiber types hav~ been
based on different enzymic prccedures in a variety of muscles and

species. It is therefore often difficult to equate muscle fiber

types defined by the different classification criteria and make

correlations with functional data.7'37 The histochemical method

whicn offers the greatest promise four correlative studies of fiber

9,20,236

types with respect to contraction times of muscles, is the myofibrillar

27,28

adenosine triphosphatase {(ATPase) method of Padykula and Herman

since guantitative measurements of nyosin and myofibrillar ATPase

activities are inversely proportional to contraction time; i.e.

faster muscles have higher myosin and mycfibrillar ATPase

activities.2'3'4'8'33 Further, the intrinsic speed of shortening

of sarcomeres and the actin-activated ATPase activity of nyosin
are directly proportional.4 When the myofibrillar ATPase histo-

chemical method is applied to skeletal muscle and fibers are

classified accordinc to thc nomenclature of Enge1,21'22 two
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principal fiber types {(referred o a. - and type II fibers)
are differentiated. Type I fibers axr. .. - . staining (low
reacting) and type I1 fibers are dark s .4ng (high reacting):

fibers with intermediate staining may also be observed.
Recently in a study of individual motor units of the cat, fast
contracting units were demonstrated to be uniformly composed
of dark staining fibers as judged by myofibrillar ATPase

histochemistry.9

The mycfibrillar ATPase method is preferred for typing
e fibers in the study of many pathological conditions since fibkers

e classified by their myofibrillar ATPase reaction retain their

D
Al 5 %

classification characteristics while reactions for phosphorylase
22

.

and mitochondrial enzymes may be altered. buring the neonatal

ks ek o

T
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development of pectineal muscles in scme young dogs, there is a
retardation in the growth and differentiation of some muscle

fibers, particularly type II fibers.lz This type II fiber

e i

o
it

o
gt

hypotrophy is being investigated in this laboratory tc explore the
possible role cof abnormal muscle function as an eciological

E factor in thes pathogenesis of canine hip dysplasia, (a developmenta

3 abnormality of the coxofemoral joint)}. The purpose of the present
study was twofold: 1) to determine if the type II fiher hypotrophy
'5 altered the physiological properties of the pectineus muscle, a
prerequicite for any thesis that abnormal function of this muscle
may influence the development of the coxofemoral jcint, and 2)

to correlate the physiological observations with the morpholegical
and histochemical properties of the muscles since the type II

fiber hypotrophy results in different celative contributions of

. .
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type I and type II fibers with respect to the total compecsition

of the muscle. Evidence will be presented to show that the hypo=-
trophy results in changes in both the time course and magnitude of
igometric contractions and that these changes may be directly

related to the type and size of fibers ccomprising the muscles.

METHODS

General outline

Twenty-one (11 male, 10 female) German Shepherd dogs, 56
to 80 days old were studisd. At this age postnatal changes
in contraction and zeiaxation times of the pectineus muscle
have reached z plateau.35 The dogs were weighed and anesthesia
was induced by intravenous administration of 5% sodium pentobarbital
(29 mg/kg}. Additional anesthetic was administered, as needed,

to maintain a surgical plane of anesthesia during the recording

0

£ iscometric contracticns. At the conclusion of the recordings,
the muscles were removed, weighed, and processed for histochemical
analyses. Statistical analyses of the data included the use

of the Student's t-test, regression snalysis and correlation

analysis.1

Physiological procedures

The dogs were plaéed in dorsal recumbency. The femurs
were fixed to the table, perpendicular to the longitudinal
axis of the beody, by metal pins inscrted in their distal ends.
This prevented movement of the pelvis so that iscmetric con-
tractions could be recorded. The pectineal muscles were isclated
through « skin incision and dissccted free except for tendons
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of origin. The pectineal branches of the obturator nerve were
transected; the blood supply left intact. The margins of the skin
incision were sutured to a metal ring tc form a pocket intec which
mineral oil was poured to prevent dehydration. The mineral oil
was maintained at 38 * 1.5°C. The tendon of insertion was
connected to astrain gauge transducer (Grass FT03C) with tungsten
wire (125 u diameter). The transducer had sufficient dynamic
frequency response te fellow a sinuscidal oscillation of 500

Hz produced by an electromagnetic vibrator (M. B. Elentronics
Model PM~50). The strain gauge was mounted on a manipulater
which permitted alignment and passive tension adjustment. Iscmetric
tensions generated by the muscle were detected by the transducer
and recorded on a direct-writing recorder (Sanborn Model 150).

The recorder had suff.cient freguency response to faithfully
reproduce the fastest twitch as determined by identical tracings
from an oscilloscope (Tektronix Model 564) connected in parallel
te the recorder. Electrical stimulation (sguare-wave pulses

of 0.1 msec. duration) was applied to the muscles Ly two

stainless steel electrodes placed on opposite sides of the

muscle belly. The muscles were stimulated directly since the
canine pectineus muscle, in addition tc receiving motor inner-
vation from the cbturator nerve, raceives variable motor innervation

from the femoral nerve.ll

The femoral branch, when present,
was transected in the process of dissecting the muscle £free for
the reco: ding seguence. The optimal stimulus voltage was
determined for each muscle Ly applving single, graded stimuli
until higher voltages did not increase the twicch tension;

the lowest voltage that yielded a maximal twitch tension (range

8 to 29 volts) was then used and monitored on an oscilicscope

-a- 2B
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throughout the experiment. The optimal passive tension applied
to the muscle during the experiment was determined for each
muscle. The ruscle was stimulated at graded, increasing passive
tensions until a maximum twitcih tencion was developed using the
optimal voltage; the lowest passive tension which produced a

3 maximum twitch tension was used throughout the experiment. After
A the optimum stimulus and passive tension were determined, the

muscle was stimulated aiid a2 simple twitch recorded, from which

B these parameters were measured: maximum isometric twitch tension,

contraction time, and half-relaxation time. ©Next, the response
to repetitive stimuli was determined by stimulating the muscle
ke at frequencies of 5 to 100 Hz for 1 second duraticns from which
the maximum isometric tetanic tension was determined and
tetanus:twitch ratios were calculated. The muscle was then
stimulated and a simple twitch recorded, from which the maximux
isometric twitch tension and contraction time were measured

for comparison with the isometric twitch pricr to tetanus.

Morphological and histochemical procedures

Immediately after conclusion of the recording sequence

the muscles were removed, weighed and held at 4% for 30 minutes.

Transverse sections were cut through the entire muscle belly
with a razor blade and frozen in 2-methylbutane coolegd to
-125°¢ to -150°C in liguid nitrogen. Cryostat sections,

10 u thick, were cut and incubated for the demonstration cf

myofibrillar ATPase according to the method of Padykula and
26,27 19

Herman as previously described. This method applied
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to the canine pectineus muscle differentiates 3 fiber types:

WNWWWW.HW?H SR a5
il

type I fibers (light staining), type II fibers (dark staining)

and intermediate fibers (intermediate staining between type I

gl

and type II fibers). Sections were examined by light microsnopy

LAYl

and the muscles classified as normal or hypotrophic. Since the

extent of involvement can vary from focal to diffuse,12 the

hypotrophic muscles were further classified subjectively. The

3 lesions were classified as focal if the extent of involvement was
= judged tc be less than 50 percent of the cross-section of the
£ muscle belly, and diffuse if judged to be greater than 50 percent.

] Jections from the mid-belly of all right muscles were

i photographed and cross-sectional area of muscle fibers measured
i with a planimeter; approximately 1000 fibers (880-1362) were

measured from each muscle, a total of 22,812 £f£ibers being

measured, Based on these measurements the mean fiber area of

each fiber type, the percentage of each fiber type and the

B A i
i o 3

relative percent area of each fiber type comprising the muscles

e LY

were determined.

T i

Abbreviations and definitions

Maximum isometric twitch tension.

Pt

Po Maximum isometric tetunic tension,

PO/Pt Ratio of maximum isometric tetanic tension to
maximum isometric “witch tension.

Tc Isometric twitch contraction time, i.e. the time

elapsed from onset to the peak of an isometric

twitch.
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T%r Isometric twitch half-relaxation time, i.e. the
time elapsed from peak to one-half peak tension
of an isometric twitch.

i Subscript denoting that value is derived for type I,
type 1I or intermediate fibers, where i may be I,

II or int respectively.

%i Percentage of each fiber type.
Ai Mean cross—-sectional area of each fiber type.
%Ai Percent area of each fiber type comprising the muscle

(derived from the product of tha percentage of a
given fiber type and its mean fiber area divided by
the summed products of all three fiber types, where

%Ai = %i X Ai $ {(%I X AI)+(%int b4 Aint)+(%11 X AII% .

it S

RESULTS

Morpholocical and histochemical observaticn

Fourteen of the 21 dogs were abnorral, their pectineus
muscles having the characteristic lesion of type II fiber
hypotrophy (Fig. 1, A & B). Seven were juliged to have focal
lesions while seven werxe diffuse. The body weights of the
normal and hypotrophic groups of dogs were not significantly
different; however, the absolute and relative muscle weights

of the hypotrophic muscles were smaller (Table l).

(Fig. 1A, B arnd Table 1 near here)

Percentages of each fiber type were similar for both normal
and hypotrophic muscles; however, mean fiber cross-sectional

areas differed. All fiber types in hypotrophic muscles were

-]1l-
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smaller in mean cros3-sectional area (Table 2). Megahistograms,
the summed individual frequency distributions of type I and
type II fibers for each group,6 illustrate the preferential
effect of the disease on the cioss-sectional area of type 1l
fibers (Figs. 2, 3). Type I fibers are affected, which may be
noted by a shift to the left (Fig. 2); however, this shift is
greatest for type II fibers (Fig. 3). A small percentage of
type I fibers were hypertrophic (Fig. 2); the largest type I
fibers measured in the normal muscles were 1350 u2 while in the
hypotrophic muscles some type I fibers were 1800 u2. Since the

disease has a preferential effect on the cross-sectional area

of type II fibers, the relative contribution of each fiber type

to the total muscle varies. This resulted in the percent area of
type I and type IXI fibers to be significantly different in the
normal and hypotrophic inuscies in that hypotrophic muscles had
larger percent areas for type I fibers or, conversely, smaller

percent areas for type II fibers.

(Figs. 2, 3 and Table 2 near here)

Phvsiclogical observations

The means and standard errors of the optimal sivimulus
voltages were 16.1 *+ 1.1 and 17.0 % 0.7 for the normal and
hypotrophic muscles, respectively; these mesans were not
significantly different. Significant differences werz
observed between the isometric contraction characteristics
cf the normal and hypotrophic muscles with thg excepticn of
Polpt ratios which were not significantly different. While there

was considerable variation in the values observed for the hypotrorhic
-12-
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muscles, they tended to have longer contraction and relaxation
times, and developed smaller twivch and tetanic isometric
tensions (Table 3). The stimulus frequencies required to precduce
maximum isometric tetanic tensions differed between groups.

The mean frequencies and standard errors were 51 &+ 2 and

42 2 for the normal and hypotrophic muscles, respectively

I+

0.001). The stimulus frequencies required to produce

&)

(p
maximum isometric :tetanic tensions were inversely proportional
to the contraction times of the muscles; the correlation
coefficient was 0.81 (P < 0.001). <Thus, faster contracting
muscles required higher stimulus frequencies to develop maximum
isometric tetanic tensions. There was no significant difference

in the pretetanic and posttetanic isometric twitch tensions and

contraction times.

(Table 3 near here)

Correlates of morohological, histochemical

and physiclogical observations

The parameters of Tc, Pt' and Po were related to the
histochemical and morphological properties of the muscles. The
inverse of contraction time (l/Tc) was proportional to %AII
(Fig. 4); the correlation coefficient was 0.97 (P < 0,001). There
was no significant correlation beiween Tc and Po/Pt ratios.

The maximum isometric twitcin and tetanic tensions were
proportional to the mean fiber cress—-sectional area of the muscles
(Figs. 5, %); the correlaticn coefficients were 0.89 (P < (,001)

and 0.91 (P < 0.001) respectively. There was no significant

..
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difference between the maximum isometric twitch or tetanic tensions

developed and the proportion of type I and type II fibers comprising

the muscles.

g S —

(Figs. 4, 5 and 6 near herc)

DISCUSSION

This study establiches that hypotrophy of the pectineus
muscle results in quantitative changes in the time course and
magnitude of isometric contractions. Further, these changes may
ke directly correlated with and probably relatc¢é to the manifestation
of the disease process on skelstal muscle fiker size: 1) with greater
retardation in the growth of the fibers there was a corresponding
decrease in maximum isometric contraction capability and 2) with the
preferential retardation of type II fiber growth there was a resultant
change in the relative type I and type II fiber composition of the
muscles which was correlated with differences in contraction times.
The intrinsic speed of sarcomere shortening is proportional

to the inverse of contraction'time.13'l4'16

The relationship

between the %AII of a muscle and the inverse of contraction time
observed in our study is likely due to differences in the intrinsic
speed of shortening of the muscle fibers. Consistent with this
suggestion, the frequencies required to produce maximum isometric
tetanic tensions were inversely proportional to the contraction times.
However, our data does not present evidence that the intrinsic speed
of sarcomeres or the force:velocity propertics of either type I or
type 11 fibers are different. The different contraction times were

probably not associated with changes in the duration of the active

state or series compliance since proportional changes in PO/Pt ratios

-14~
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were not observed. roportional changes in PO/Pt ratios would
be anticipated witn changes in these parameters.

A relationship between the myofibrillar ATPase fiber typas
2y

and contraction time has been observed in the guinea pig.
Barnard et gi.s studyinyg the contractiie and histoch:mical
properties of guinea pig muscle chose to correlate the contractile
properties with fiker type classifications based on NADH-diaphorace
histochemistry rather than the myofibrillar ATPase reaction;

however, their data may alsc be analvzed in a similar manner as

our study. It was possible to approximate thc %AII of the soleus,

medial gastrocnemius, flexor digitorum longus, flexor hallucis
longus and red portion of vastus lateralis muscles from photo-
micrographs presenteds and test for a correlation between %AII
and the inverse of the mean contraction times. The %AII of these

muscles we determined to be 0, 7%, 80, 24 and 98 respectively

and the inverse of the mean contraction times were respectively

0.012, 0.045, 0.046, 0.047 and 0.053. From the data the correlation

rnoefficient was determined to be 0.99 (P < 0.001}.

Quantitative studies of "fast" (extensor digitorum longus)

and "slow" (solszus) muscles in the rat have demonstrated a direct
proporticnality between the speed of contraction and actin-activated
myosin ATPase activities,4 where the ATPase activity and speed of
contraction are some 2.3 times greater in the extensor digitorum
longus than in the soleus. The results of our study show a

similar difference (refer to slope of Fig. 4) in that theoretically

a pure type II muscle (i.e., lOO%AIx) would be some 2.8 times

faster than a pure type I muscle {(i.e., O%AII)‘

~15-
33




;
il

T

g |

T R e

NN 5 L A

7 TR

E

TR

A e eyt
R S A R e

{
-
‘

2 SErr e Y - -
ek e ST o —

- »F; Ty f et i, .
e L i M A bt o tay o T A T T v T e rmie e s e
= : R B R RS A s IR e e ,@%
- -

5

WRLWANCLy VU aliu ddilel d

It has been suggested that the histochemiczl, nyofibriliar
ATPase method is not & cuantitative cstimate of speed of con-~
18,29

traction but only a gross indicator. However gross an

indicator it may be, it does provide guantitative estimates

and embraces functionzl and bicchemical data. We suggest

that the myofibrillar ATPase methcd is the method ¢of choice

for classifying muscle fibers with respecc to speed of contraction.
Other histochemical methods utilizing mitochendrial enzymes or

phosphorylase may sometimes be related or provide further

subclassifications of fiber types, (e.q. fatigue.g’zo). However ;

these methods are related to enzyme systems which generate ATP
for contracticn, while the rate of utilization of ATP during
contractivn appears to be the specific event related to speed

of contracticn, wnich the histochemicul, myofibriliar ATPase

reaction presumably reflects. Further, the myofibrillar ATPase

method for fiber typing is preferred for its clarity of

distinguishing fiber types and least apparent change in pathological

muscle.22

The etiology of the hypotrouphy of the pectineus muscle is
unknown. It has been suggested that it may be a neuropathic
disease of muscle, but not in the usuzl histologic sense, since
pathological changes have not been oObserved in intramuscular
nerve branches and/cr lumbar spinal cords and esterase activity
with motor end-plate localizations appear similar for normal
and hypotrophic fibers¢12 In the original description of the
disease it appeared that the hypotrophic muszles contained a

nigher percentage of tygpe II fibers.12 This sugqaested 2 failure
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In the present study

or delay in the postratal tvpe IT to type I fiber transformation in

addition to the retardation in fiber growth.

we did not obsexve a significant difference in fiber type percent-
Therefore, it is not
I transform-

‘=

ages between normal and hypotrophic muscles.

clear if the disease affects postnatal type IX to type

However, our results do indicate that the disease may be
types, the

ation.
more precisely defined as a hypotrophy of all fiber
If the disease

extent of which is greatest in the type II fibers.
is neurcopathic and does not affect differentiation, then the neural
trophic influences on fiber growth must be distinct from neural

muscle fiber

trophic influences on differentiation which regulate
neurectony

types as suggested by cross-innervation and neonatal

experiments.23'24'25'31’42
While contraction times and tensions were significantly

different between normal and hypotrophic nuscles, some hypotrophic

muscles were similar to normal with respect to these parameters
Therefore, some affected muscles, primarily those

(Figs. 4-6).
with focal lesions, may not differ greatlv from normal. On the other

nand, those muscles which we subjectively rated as diffusely affected
The smaller tensions produced

tended to be considerably different.
by the hypotrophic muscles were also smaller par gram of muscle.

This couvld be due to differences in mean fiber length, proportion
of connective tissue or intrinsic strength cf the contractile

+he hip

material.
In many cases of pectineal hypotrophy, abduction of
pectineus

joint is restricted by an apparent increased tone of the
This may be analegous to the reduction in muscie power but

mustle.

~17-
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increase in tone observed in upper motor neuron lesions and

19 This

parkinsonism where there is an atrophy of type II fibers.
is believed to result from the disuse of high threshold phasic
motoxr units (type If fiber units) and increased usage of low

thzeshnld tonic motor units (type I fiber units).19

The pattern
of preferential type II £iber hypotrophy and hyrertrophy of some
type I fibers in the pectineus muscl> would be consistent with
guch a mechanism for decreased power and increased tone.

If it is valid to relate our observations to the function
of the muscle in situ, one would predict that the disease results
in a weaker and slower muscle. Therefore, :he hypotrophy of the
pectineus muscle may potentially influence the development of the
coxcfenoral joint through diminished tension relationships between
the muscle and the joint. The effect of diminished tension

relationships on the development of the coxofercral joint remains

to be determined,
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TABLE 1. Body weights, pectineus muscle weights and relative

pectineus muscle weights of German Shepherd dogs, 56 to 60 days

of age.a
Normal Hypotrophic
Dogs Dogs P
(nc, = 7) (no. = 14)
Body wt., (kg) 5.12 + 1.24 4.15 + 0.87 >0.05
Pectineus muscle wt., (3)
right 1,71 + 0.62 1.11 ¢+ 0.28 <0.05
left 1.70 * 0.53 1.11 + 0.26 <0.05
right and left 1.70 £ 0.58 1.11 * 0.27 <0.01
Relative pectineus muscle
wt., (g muscles/kg body wt.)
right 0.33  0.05 0.27 + 0.06 <0.05
left 0.32 + 0.03 0.27 * 0.04 <0.01
right and left 0.32  0.04 0.27 £ 9.05 <0.001

a
Mean 2 standard deviation. Probability values (P) for differences

between means have been determined from t values.
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TABLE 2. Percentages, mean areas and percent areas of muscle

fiber types in pectineus muscles of German Shepherd dogs, 56 to

60 days of age.a

Normal
Dogs
(no. = 7)
Fiber type percentages (%,)
% 38.4 * 6.2
I
%int 1.5 £ 1.3
%II 60 L = 6.7
Mean fiber area (Ai), u2
-+
AI 499 * 96
+
Aint 356 76
+
AII 430 * 108
All fibers 453 * 102
Percent areas (%Ai)
%AI 42.2 * 6.4
%Aint 1.5 1.1
%AII 5.5 % 7.1

Hypotrophic
Dogs
(no. = 14)
41.9 + 9.6
2.4 t 1.5
55.7 ¢ 9.4
395 ¢ 98
235 * 104
228 * 114
298 = 105
57.8 * 12.0
1.8 * 1.0

40.4 =+ 12.1

>0.05
>0.05
>0.05

<0.05
<0.01
<0.01
<0.01

<0.01
>0.05

<0.01

%ean * standard deviation. Probability values (P) for differences

between means have been determined from t values,

ju
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TABLE 3. Icometric contraction measurements of pectincus muscles

from German Shepherd dogs, 56 to 60 days of age.a

Normal Hypotrophic
Dogs Dogs P
wno. = 7) (no. = 14)
T , (msec)
right 41.4 + 3.8 48.6 * 10.9 <0.05
left 41,2 ¢+ 3.1 50.0 + 9.6 <0.01
right and left 41,3 + 3.5 49.3 + 10.3 <G.001
T;ir, (msec)
right 46.8 =+ 9.0 61.2 = 22.8 >0.05
left 42.8 * 5.6 56.3 * 23.0 >0.05
right and left 44.8 + 7.7 59.0 + 23,0 <0.01
P., (9)
right 370 £+ 120 183 + 120 <0.01
left 352 ¢ 98 188 * 115 <0.01
right and left 361 £+ 110 185 + 118 <0.001
P, (g)
right 1366 + 427 741 + 418 <0.01
left 1373 =+ 4239 762 + 428 <0.03
right ard left 1369 * 433 751 + 423 <0.001
P /P, ratios
right 3.75 ¢+ 0,51 4.23 = 1.00 >0.035
left 3.95 = 0.78 4.30 * 0.96 >0.05
right and left 3.85 & 0.66 4.32 + 0.88 >2.05
Relative Pt' (a/g muscle)
right 221 2 39 154 2 80 <0.05
left 212 46 159 ¢ 82 >0.05
right and left 217 ¢ 43 156 = 8l <0.01
Relative P, (g/g muscle)
right 819 &+ 137 630 £ 270 >0.05
left 809 + 136 648 * 296 >0.05
right and left 814 + 136 639 * 284 <0.05

am . obability values (P) for differences

La

ean * standard deviation.

between means have been determined from & values.
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Fig. 1. Transverse sections of normal (&) and hypotrophic (B)
canine pectineus muscles incubated and stained for the
histochemical demonstration of myofibrillar ATPase. Type I

fibers are light staining and type II fibers are dark.
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To appear ir ings of i i i ]
Pp n Proceedings of American Animal Hespital Association; April,

PECTINEUS TENDON SURGERY FGR TREATING 1972
GARINE HIP DYSPLASIA

4 Larey J. Wallace, D.V.M., M.S.
- Mark M. Guffy, D.V.M., M.S,
&org& H. Cardiﬂef, ’i!, D'VQI\”Q' PhQOi

Ao lirtroduction

R it

Since canine hip dysplasia was first describsd In the Unite¢ States in
[}
the middle t930’s,"21hera has been a weolith of information published

relative to its etiology, pathojgenesis, radicgraphic studies, clinical

VYery littie has been published

IR S o e e O

signs, genetics, and medical managament.

3 on surgical treatments in %he canine.

ity

in the past thera have been basically three surgical procecures used

3
374358 g4y are (1) acetabulo-

g AR

for treating dogs with hip dyspiasia.

plasty, {2) pelvic osteotomy, and (3) oxcision of the femorai heao and

Bt

neck. The first two ars Iimited to young dogs wherein advanced femoral

R g
b Y R

A

head and acetabular changes have not occurred. The third is a salvage

4 procedure,

in 1967, the pectineus tenactomy at the proxima! end of the pectineus

tendon of insertion and pectineus tenotomy at the pectineus tendon of

These

8 i G 2 T A gt
i St v S o o r
A Dl YA T AN R s

origin were devaloped for treating clinically dysplastic dogs.

8,¢ .. e
surglcal procedures have been reportad. ' '~ Since the pectineus tencon

surgery was first developed, over 300 dogs have besn operated on at the

& LN RN A
R Al R

Kansas State Unlversity Small Animai Hospital.

T A————
TN T ERT

B. Summnary oi.Clinical Cases (Pre-Surgery)

3 }. Over 20 different breeds of dogs have besn operated an.

L

E 2. Sex: About equal Jdistribution of maie and femala.

3. Ags at the time of surgery: 4 months 19 {2 years.

52
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4.
5,

6.

8.

9.

i0.

Welight at the time of surgsry: 3C to 210 pounds.

General health: Ail dogs have been in ¢ood to fzir heaith., Those
In fair health had cardiac, nutritionz!, neurologic, or other
orthopedic proviems at the tims of surgery.

Duration of pre-surgicsl !lameness: During the first 3 1/2 years,
only dogs with a clinical lameness were operated on; and that ranged
from two woeks t¢ oight years. In the past year, several dogs have
been operated on that according to the owners were not showing any
clinic;l signs. These wili be discussed later. At the other
extreme are the dogs that were so disabied That they needed assis=-
tance to walk into the hospital; some had to be carried.

Progressive lamensss: There may be several remissions and
exacerbations of {amensss in a dysplastic dog. OGeneraliy, affer

a period of time the lamenass becomas more severs than it was on
previous occasions,

Age when the first radieographic dlagnosis of hip dysplasia was

made: in our patients this nas ranged from 4 months to 8 1/2 years.
AYi grades of hip dyspiesia hava been operated on.

Joint laxity in clinically affscted dogs: Joint laxity is checked
for at the time radiograpnc are taken or prior to surgery whiie the

patient is anesthatizec. in youncer dogs, varying degrees of coxo-

femoral joint laxity are present. In older deogs with advanced

ostecarthritic changes, [oiat iaxity may not be detectable. Tnis
is basically dus to a thickaned joint capsule thus {imiting lateral
displacemnt of the femorail nead from the acetabulum.

Disposition or mantal attitude: Several cogs that have been

operatad on had daveloped severs personality changes. »NosT of

53
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3
these dogs had at one time been even-tempered and playfu! and then

gradually or suddenly became mean, frequently biting children

and/or adults. These dogs also became less active and would not

obey commands from the owners. Following surgery, the temperament

pih i a0 L e Aoy R L R (i A R SR RN i

cf these dogs improved dramatically, and they once again becams
friendlv, playful pets.
c. Radiology

PRI Ao o

Progressive radiograpnic changes can be expected after operating on cogs

bttt

that are 5 months of age or older with minimal radiographic changes at
the time of surgery. Although these progressive changes occur, the dogs

have been rehabilitated and are clinically free of pain. (Figures |=3}

(Slides to be shown)

0. Gross Anatomy of the Pectineaus Muscle
The pectineus muscle originates ventrai to the acetabulum from a3 short
thick tendor. which nas attachments to the prepubic tendon and adjacent
i leo=-pectineal eminence of the palvis. The tendon of insertion |les

between the adductor muscle caudally and the vastus medialis cranially.

é It inserts on the popliteal surface of the femur. The tendon of

insertion is iong, thin, and wice.

Surgical Procedure (Tendonaectomy at the Proximal End of the Tendon of

m
.

E Insertion) (Figure 4) (Slices to be shown}

-5 l. Bitaterally, the medial thigh and inguinal reqions are prepared in

T

a routine manner for aseptic surgery.

SO S e

2. The dog is positionea in dorsal recumbency. The rear legs are

secured In position with each femur perpendicular to the ventrai

I
W

midiine. Positioning this way allows the pectineus muscie ard

i

tendon of insertlor to te sasily palpated. The caudal belly of

ik A Y

the sartorius muscie wiil also have i9ss tension on it and allow

Su




4

it to be manipulated as described bolow., In most dogs the proximal
circumflex famoral arfery and veln c¢an be observed crossing the
distal end of the pectineus muscle. The caudal belly of the
sartorius muscle can alsn be palpated as it obligquely crosses the
distal ernd of the pectineus muscie from an anterior to posterior
distal direction just distal to the above~-mentioned biocd vessels.

3, Skin drapss are placed anterior and posterior to each pectineus
muscle and distally over @ach supracondylar region and secured
with towel clamps. Oraping In this manner facilitates going from
one leg to another. A shroud can then be put over the surgical
site.

4, For this procedure, the skin incision is started where the proximal

circunfiex vessals cross the pectineus muscie. It is continuad
distally for two inches staying over t#s pectineus tendon of

insertion,

5. Tha subcutaneous tissus is bluntly dissected with scissors.

AT ey s

6. The caudal belly of the sartorius nuscle is identified where it

crosses the distal end of the pectineus muscle. Just proximal to
where the sartorius muscle crosses the distal belly of the pectinous
muscle, the proximal circumflex femorai vessels can be clearily

identified.

7. From the point where the above-mentioned vessels are located, there

o

is a dense fascia attached to the posterior edge of the caudal

L

b s 8t

beiiy of the sartorius muscle. This fascia must de carefuily
incised, from where the sartorius crosses the pectineus, for one

inch distad. Occasionaliy 3 small blood vessei is prasent in the

above fascliz gning to that part of tne sartorius muscla. That

S5
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blood vessel shouid be ligated. Be careful, as the main femoral

3 ' artery and vein lie immediately under that part of the sarforius
nuscle, After the above~described fascial incision has been mede,
tissue forceps are appiied to the fascia at the posterior edge of

+he sartorius muscle; and the sartorius is reflected anterior.

VAR SRy

- 8. The femoral artery and vein are easily identified. Bluntly dissect

YN

the fascia alcng the posterior edge of the femora! vein and reflect

b

it and the artery cranialiy along with the sartorius muscle.

9, The distal enu of the pectineus muscle and the proximal end of its

TRC AT y
RO .’mu‘\,. At

tendon of insertion will be clearly identified. Very carafully

3 biuntly dissect the fascia between the pectineus and adductor

ﬁuscle caudaily and the vastus medialis anterior. Special care
should be taken nol! to penetrate the fascia covering the adductor
?é and vastus medialis muscles.
10. Rortract the adductor muscle posterioriy. Atfter clearly identifying
the proximal end of the tendon of insertion and distal muscle
belly of the pectineus, a curved Kelley forcep is passed anterior
to posterior around and under the proximal end of the tendon of
insertion, The tendon is then trought up to the level of the skin

incision. The Kelley forceps are now effectively holding the

.

b Lt b b b

femoral vessels and sartorius muscle out of the way.

Tissue forceps

\n‘ o
wM“’ v

if. The jaws of the Kelley forceps are opened wide.

4
!

it

are applied to the pectineus tendon of insartion between the opan

AT

jaws of vhe Kelley forcep, about | cm. apart.
12. A tendonectomy is completed by severing the tissue between ths

two tissue forceps. Make tha first cut along the distal edge of

The muscle will retract proximad. Roli the

56

the proximal forcep.
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14,

5.
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6

distal forcep over in a distad direction and remove the remaining
section of tissue. Palpate anc visually inspect the surgical area
To make surs al! of the tendon was severed and excised. Olgitally
push the pectineus muscle further proximad in the leg.

it must bs emphasized that al!l of the tendon must be severad for
the surgery to be successful.

Because of the close proximity of the femoral vessels, do not try
10 close the dead space left from the tendonectomy.

Subcutaneous tissue and skin closures are rout’ne.

F. Surgical Procedure (Tenotomy of Pactinsus Tendon of Origin) (Slides to be

shown)

le

3.

4.

6.

i prefer the tendonectomy that has been described above; however,
this procedure atv the tendan of origin has also been used with
equally good results in dogs with advanced hip dysplasia.

Prepare and position the dog as dascribed abova.

A skin Incision two inches fong is made over the proximal end of
the pectineus muscle. The subcutaneous tTissue around the proximai
end of the muscle is bluntly dissected.

The proximal end of the pactineus muscie and its tendon of origin are
tdentified and isolated.

The desp femorai artery and vain are identified.

A curved Ke!lley forcep is passed around ani under tha oxtreme
proximal snd of the pectineus muscla in an anferior to posterior
diraction. The forceps should be between the deap femoral vesseis

and the muscle. Special care must be taken not to incorporate the

desp femora! vessels in the forceps. Because of the anatomy of the

ares, It Is impossible to got these forceps completaly under The

57

Tendon of origia.
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A tenotomy Is done through the tendon of origin.

7.
8.  Speclal care must be taken not to sever any of the prepubic tendon

o the aponeurotic attachments of the abdominal muscles. To do this

would facilitate the development of a hernia. It is therefore

recommanded that the tenotomy be done at the teno-muscular junction

of the pectineus muscle.

9. Foliowing tenctomy, the pectineus muscle will retract distad in

the leg. It should also be digitally pushed further distad. It

Is recommended¢ That the proximal end of the muscle be sutured to
the subcutaneous tissue in the location 1o which it has been
pushed. After doing the tenotomy, the area must be carefully in=~

spactec to make sure no tibers were left intact; otherwise, the

surgery will not be successful.

}0. Subcutaneous tissue and skin closures are routine.

G. Post-operative Care

9 ' I. Restrict exarcise to a leash, and do not ailow the dog to run free

for 10 days.

2. Skin sutures can be removed on the tenth posteoperative day atter

which there are no exercise restrictions.
3. Occasionally a seroma may develop at the surgical site of one or

both legs. These are generally first noted by the owner between the

third and twelfth post-operative days. If they do not become too

large, no treaiment is.necessary as they will usually absorb in i4

to 2| days. |f thay become large and bother the dog, they can be

R b

aseptically aspirated. Seromas have been seen more frequentiy in

Moy S
A

the larger breeds of dogs.
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Commant

This surgicai procedure s not a cure for hip dysplasia.

't is intended

to relleve paln and rehabilitate the clinically dysplastic dog regardiess

of whather it is a family pet or a working dog. To date it has proven to

be a highly effective surgical treatment in the dog with hip dysplasia
too far advanced for either the acetabulopliasty or pelvic osteotomy

procedures. In 4 1/2 years, | have only had 1o do one femoral head and

neck resection in a dog that had the pectineus surgery. That was because

of pathologic fractures in one femoral head that develicped one month after

the pecvineus surgery. A very thorough physical examination of each

patient prior to surgery is essential to makas sure that a concomitant
orthopadic or neurologic condition (fractures, joint injuries, spondylitis,
matatolic or infectious bone disease, neuropathy, etc.) is not also

present. |f these other conditions are present, they will have to be

treatad. The owner must be informed thot this operation is not intended

to make the dog have a ncrmal gait. Occasionally a younger dog, 56
manths of ace, may develop a normal or near normal gait; however, this

cannot be predicted. VNost of the dogs already have architectural changes

in the coxofemoral articulation that biomechanically make (T impossibie

for them Yo gait normajly. The raiief of pain is believed due 1o The

release of tensicn on the pectineus muscie and the periarticular soft

tissue of the coxofemoral articulation. It is impossible To know for

how long a time this surgical procedure wili hold up in a given dog.

Over the past 4 1/2 years, it has been completely successtul in alleviating

paln and rehabiiitating 94% of the dogs operated on. In all cases the

owners are informed that the dog should nct be used for breeding Rrposes.

At the owner's request, orchiectomy, vasectomy, or ovariohysterectomy
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may be done at the same time as the pectineus tendon surgery. Several
questions have been raised regarding The feasibility of doing a mycotomy
or myectomy of the pectineus muscie instead of the tendon surgery. A
pectineus myectomy can be done on a clinically dysplastic dog and
achieve thu same results. However, the tissue spacs leff is greater,
and +the chances of seroma development are increased. A myotomy €an aiso
be done as it allows tension reiease on the muscle and coxotemorai
periarticular soft tissue. The myotomy poses soms inherent dangers.
‘iealing together of try seversd m.scle ends is rore likely To occur and
cause recurrence of pain and clinical iameness a few weeks or months

following surgery. | profer and recommend the rendon surgery instead

of a myotomy.
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Dlnstratic~ omitted

Sequential radicgraphs of the davelopment of secondary arthritic changes of
the acetabula and femoral heads following a biiateral pectineus tendonectomy
for hip dysplasia, At the time of surgory the dog was 53 months old and

voery lame (Figure 1i.
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T1lustration amitted

Early secondary arthritTic chaungas of the anterior rim of the acetabula and

capital epiphyses of the femurs 4 months post-surgery i(Figurs 2),

TN AR B sins & =




e

Sl S 2 T

Gyt

i

Pk

Tilust-ation onitted

AT SN

Advanced secondary arthritic cnanges of the coxonfemoral joiats 34 monThs
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post-surgsry (Figure 3)., The dog has been clinically sound since the

pectineus tendonectomy and has huntad vigorousiy each hunting season.
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Figure &~-Draving illustrating the tendon of origin {A), proximal end of

ths tendeon of insertion (B), and distal and of tendon of insertion (C) of
the pectinous muscls

in the deg.
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